suMMARY The distribution of major histocompatibility complex (MHC) class 1 antigens was studied in the liver after transplantation by immunoperoxidase staining for f,-2-microglobulin (2m), a subunit of the class 1 antigen system. Paraffin wax sections were examined from 25 "time zero" biopsy specimens, taken immediately after insertion of the graft, and 87 biopsy specimens taken after transplantation in seven diagnostic categories: acute cellular rejection (n = 22); resolving acute rejection (n = 8); chronic rejection (n = 22); pure cholestasis (n = 14); ischaemia/infarction (n = 5); biliary obstruction (n = 8); massive haemorrhagic necrosis (n = 8). Staining was graded semiquantitatively on a scale of 0-3 + in bile ducts, hepatocytes, sinusoidal lining cells and vascular endothelium. Using the "time zero" biopsy specimens as a baseline for comparison, increased expression of fJ2m was seen in bile ducts, hepatocytes, and endothelial cells after transplantation. These changes were most pronounced in cases ofrejection but also occurred in other graft conditions. The degree of hepatocyte and endothelial staining was significantly higher in cases of rejection and massive haemorrhagic necrosis than in the other categories.
Although there is increasing agreement over the histological features that characterise liver allograft rejection," the underlying mechanisms remain poorly understood. Previous studies have shown changed expression ofclass I major histocompatibility complex (MHC) antigens in the liver after transplantation.7-9 It is not clear, however, whether this is a specific feature of rejection or a non-specific finding seen in other circumstances following transplantation.
Retrospective analysis of biopsy material obtained during the first five years of transplantation procedures in Birmingham highlighted several "posttransplant" syndromes, each with distinctive clinical and pathological features.'0 This study aimed at examining the distribution ofclass I antigens in biopsy specimens from each of these various syndromes and at seeing whether a specific pattern of expression was present in cases of rejection.
To assess the distribution of class I antigens we investigated the pattern of f2-microglobulin (fi2m) staining in paraffin wax embedded biopsy material using an immunoperoxidase method. #2m is a low molecular weight protein which has been identified as the light chain of HLA A, B, and C antigens. It is nonAccepted for publication 19 May 1988 covalently attached to MHC class I heavy chains and is essential to their serological specificity and cell surface expression." 2 Unlike other components ofthe class I antigen system, fi2m can be readily shown in paraffin wax embedded tissue sections.
Material and methods CLINICAL AND HISTOLOGICAL DATA
One hundred and twelve specimens were examined from 32 transplantations carried out on 28 patients. These included 25 "time zero" biopsy specimens obtained immediately after insertion of the graft and 87 specimens taken between five and 876 days after transplantation. Transplant material comprised 78 percutaneous needle biopsy specimens, four wedge biopsy specimens taken at repeat laparotomy, and five surgically removed livers obtained at retransplantation. All tissues were fixed in formalin and processed routinely into paraffin wax blocks. Biopsy specimens were sectioned at four levels and stained with haemotoxylin and eosin, together with other special stains as appropriate.
All of the "time zero" biopsy specimens showed minor histological abnormalities. These included sur-1049 gical hepatitis (n = 23), hepatocyte degeneration (cloudy swelling, fine cytoplasmic vacuolation, macrovesicular fat droplets; n 21), hepatocyte necrosis (focal/confluent; n = 11), cholestasis (n = 11). These changes were generally confined to perivenular areas and peripheral acinar zones. Inflammation related to surgical trauma was more widespread.
Biopsy specimens taken from transplanted livers were designated one of seven diagnostic categories on the basis of characteristic histological features supported by compatible clinical, biochemical, and radiological findings. Acute rejection (16 cases, 22 biopsy specimens, days 5-44). This was characterised by a combination of (i) portal inflammation, (ii) bile duct damage, and (iii) venous endothelial inflammation. Resolving acute rejection (six cases, eight biopsy specimens, days 12-62). Histological features of acute rejection resolved in these cases after treatment with high dose steroids and were accompanied by clinical and biochemical signs of recovery. Chronic rejection (five cases, 22 biopsy specimens, days The degree of positive staining was further graded semiquantitatively as follows: 0 = negative, + / -= minimal/only occasional cells positive; + = weak/ focal; + + = moderate/patchy in distribution; + + + = intense/generalised. In the case of membranous hepatocyte staining the extent of positive staining was graded thus: + = < 10% of hepatocytes positive; + + = 10-50% positive; + + + = > 50% positive. Finally, a "mean staining score" was calculated for each histological category by scoring points for each of the staining grades described above (0 = 0 points, + / -= 2 point, + = I point, + + = 2 points, + + + = 3 points) and dividing the total by the number of biopsy specimens containing the structure to be assessed. If a particular feature could not be assessed in one or more specimens (such as bile ducts in cases of chronic rejection, or hepatocytes in cases with extensive infarction) the total score was divided by the number of remaining specimens in which the given feature could still be assessed. The staining scores in different histological categories were compared statis- haemorrhagic necrosis than in non-rejection biopsy specimens (p < 0 05).
Hepatocytes
Membranous expression of /32m in hepatocytes was significantly increased in all post-transplant groups in comparison with time-zero biopsy specimens (p < 0 0001 for all categories except ischaemia-p < 0 005). Hepatocyte staining was most prominent in perivenular areas but occasional periportal hepatocytes also stained positively (fig 4) . It was commonly associated with cholestasis, many bile plugs also staining positively for fl2m (fig 5) . The overall degree of hepatocyte staining was higher in cases of rejection than in non-rejection biopsy specimens when these were considered as a whole (p < 0005 for acute rejection, p < 00005 for chronic rejection). There was still an overlap between rejection and other post-transplant syndromes, however, when individual categories (such as pure cholestasis) were considered separately. Hepatocyte expression was also greater in cases ofmassive haemorrhagic necrosis than in non-rejection biopsy specimens (p < 0 0005). An unusual and striking pattern of membranous hepatocyte staining was seen in two of the six cases of massive haemorrhagic necrosis. In both of these there was panacinar membranous staining entailing almost 100% of hepatocytes (fig 6) . This degree of staining was not seen in any of the other post-transplant biopsy specimens. were observed when cases of rejection (acute and chronic) and of massive haemorrhagic necrosis were compared with non-rejection biopsy specimens as a whole.
Endothelium

Discussion
The pattern of fi2m expression in the "time-zero" biopsy specimens from the present study is similar to that previously described for MHC class I antigen expression in normal human liver. and have not specifically examined vascular endothelium. It is therefore interesting to note that our study showed vascular endothelium (particularly of portal and hepatic venules) to be the site in which the degree of fi2m expression correlated most closely with histological features of rejection. This is not surprising in cases of acute rejection where inflammation of venular endothelium is a well recognised phenomenon.245 Venous endothelial inflammation has not been a prominent feature in our experience of acute rejection,6 but the relatively few lymphoid cells seen often displayed strong cytoplasmic and surface staining for fi2m. The finding of strong endothelial staining in cases of chronic rejection could also reflect continued endothelial damage. Histologically this is seen mainly in arteries which show a characteristic subendothelial foam cell proliferation' rather than in veins which are histologically normal at this stage.
An interesting pattern of fi2m expression was observed in six cases of massive haemorrhagic necrosis. We have recently described this as a specific syndrome of fulminant graft failure with distinctive clinical and histological features.'0 The mechanisms underlying this condition are uncertain but several aetiologies including ischaemia,' infection,2' rejection,22 and a Schwartzmann mechanism23 have been suggested. Five of our six cases showed extensive membranous hepatocyte staining, and in two there was a panacinar distribution which was not seen in any other post-transplant biopsy specimens. These two cases also showed extensive deposits of immunoglobulins in hepatocytes and sinusoids (unpublished observations). The clinical importance of these observations is uncertain but they could reflect a state of accelerated humoral mediated graft damage. A similar picture of massive haemorrhage and hepatocyte necrosis with only mild cellular infiltration has recently been described in an animal model of hyperacute humoral mediated rejection.24 Increased expression of 2m was also present in bile ducts and endothelial cells in our cases of massive haemorrhagic necrosis. Whether this represents evidence of immune mediated damage is uncertain, but these changes correlate with our histological findings which show endothelial inflammation and bile duct damage in some cases ofmassive haemorrhagic necrosis (unpublished observations).
The functional importance of increased fi2m expression in the liver after transplantation is uncertain. 
